THP-1 cells were cultured as an in-vitro monocyte model. In THP-1 cells, AMPKα1 was phosphorylated within 1h of menadione (15µM)-triggered increases in [ROS] cyto , an effect which was followed by upregulation of PPARγ and several of its target genes (PGC-1α, LXRα, ABCA1; 24-72h), with these effects being blunted by co-administration of Vitamin C (62.5µM). Conversely, treatment with oxLDL (1µg/mL; 24-72h), but not non-oxidised LDL, upregulated the above PPARγ-regulated genes without affecting AMPKα1 phosphorylation. In-vivo, dietary antioxidant supplementation (which is known to prevent exercise-triggered increases in oxLDL levels) blunted exercise-associated upregulation of the above PPARγ-regulated genes, but had no effect on exercise-associated transient
[ROS] cyto increases, or on AMPK phosphorylation. These data suggest that exerciseassociated PPARγ signalling effects appear, at least in monocytes, to be mediated by increased generation of PPARγ ligands via oxidation of lipoproteins (following exerciseassociated transient increases in oxidative stress), rather than via [ROS] cyto -mediated AMPK activation. These findings may be of clinical relevance, as PPARγ activation in monocytes is associated with beneficial effects related to Type-2 Diabetes and its cardiovascular complications. Exercise is well recognised as a systemic oxidative stressor [1] [2] [3] [4] [5] . This has been attributed to reactive oxygen species (ROS) being released from contracting skeletal myocytes; for example, H 2 O 2 's long half-life is known to permit its diffusion across the myocyte membrane and thence its transport to other regions of the body [1, 2] .
Direct measurement of extracellular concentrations of ROS has detected increases from ~10µM to ~25µM during exercise [5] , while Jackson has stated that: "muscle is able to release ROS…these ROS are capable of leading to an increased systemic oxidation, including in non-contracting tissues" [1] . Because the magnitude of this exercise-associated increase in ROS is quite modest (~two-fold increases, culminating in peak intracellular ROS concentrations of ~100nM [6] ), the effects of this increase are more likely to involve redox-sensitive signalling effects than oxidative damage [1] . Accordingly, changes in gene expression can be induced by ROS produced during muscular contractions [7] , and the resulting effects can be of clinical significance.
The ligand-activated nuclear receptor 'Peroxisome Proliferator Activated Receptorgamma' (PPARγ) and its associated transcriptional coactivator 'PPARγ Coactivator-1alpha' (PGC-1α) comprise a signalling system that appears to be subject to activation via this route. Exercise leads to increased PPARγ activity [3, 8] , and such as rosiglitazone [14] ) have been widely used to elicit beneficial effects in the contexts of Type-2 Diabetes (T2D) and cardiovascular risk [15] . However, the linking of rosiglitazone to negative patient outcomes (ie. increased risk of myocardial infarction/death from cardiovascular causes [16] [17] [18] ) has raised safety concerns and in the light of these concerns, prescription of rosiglitazone has fallen dramatically in recent years [19] . Therefore, alternative means of inducing beneficial PPARγdependent effects without also causing such deleterious effects are urgently required.
In line with the observation that the PPARγ/PGC-1α system responds to oxidative stress [20] , Ristow et al reported that dietary supplementation with antioxidants prevented some of the systemic cardiovascular risk-lowering effects of physical exercise, with increased signalling via PPARγ/PGC-1α being seen after exercise only in the absence of antioxidants [21] . Similar findings were obtained using a range of different antioxidants in several other studies [22] [23] [24] [25] [26] ; these findings were proposed to extend the concept of 'hormesis' (defined as: "repeated exposure to sublethal stress that cumulates in enhanced stress resistance and ultimately increased survival rates"
[27]) to the field of exercise-triggered cell signalling [4] . Hence, whereas prolonged exposure to high levels of ROS brings about cell damage, repeated exerciseassociated transient increases in ROS may -via triggering of PPARγ/PGC-1α signalling -underpin adaptive signalling processes which ultimately prove to be beneficial to health [4, 21] .
However, the cellular aspects of the above studies were confined to skeletal myocytes, and to the beneficial consequences of exercise-induced signalling via PPARγ/PGC-1α within myocytes (e.g. mitochondrial biogenesis, antioxidant defence). Importantly,
given the systemic nature of the impact of exercise, and the contribution of non- 
Methods.
All reagents were from Sigma-Aldrich Ltd (Poole, UK) unless stated otherwise. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 MA, USA) were used for normalisation purposes, in order to confirm equal loading of samples. Activation of AMPK was expressed as the ratio of phosphorylated to total AMPKα1, as detected as 63KDa immunogenic bands on Western blots using antibodies directed against and total AMPKα1 respectively. PGC-1α was detected as ~115KDa and ~105KDa immunogenic bands on western blots. Specificity of immunoreactivity in anti-PGC-1α Western blots was confirmed using addition of a PGC-1α blocking peptide to the primary antibody incubation step (5-fold excess by weight of peptide:IgG; Autogen Bioclear Ltd, Wiltshire, UK).
Isolation of RNA and RT-PCR assays. The extraction of total RNA was carried out using a RiboPure-Blood Kit (Ambion®, Huntingdon, UK) according to manufacturers' instructions. Briefly, 5x10 6 THP-1 or mononuclear cells were washed in ice-cold PBS, lysed and RNA extracted using acid phenol-chloroform extraction, ethanol precipitation, and resuspension in RNAase-free water. RNA was quantified and checked for purity using the ratio of its absorbance at 260:280nm (only samples of ratio>1.8 being deemed suitable for use). RNA samples were stored at -80ºC before conversion to cDNA using an Applied Biosystems® High-Capacity cDNA Archive Kit (Applied Biosystems, Warrington, UK) and storage at -20°C. LXRα, ABCA1, experiments showed that mRNA expression for these genes was significantly enriched Statistical methods. Data are expressed as mean±standard deviation. Multiple between-group and within-group comparisons were performed using two-way or oneway analysis of variance (ANOVA) respectively, with post-hoc analysis performed using Tukey's method in each case. For non-multiple comparisons, 2-sample t-tests were used. Significance levels were set at P<0.05 (P<0.10 was referred to as 'borderline-significant'). Fig 1A) .
As AMPK can be activated by both cellular energy depletion [43] and increased
[ROS] cyto [38] , we next investigated the effects of oligomycin and menadione on activation of AMPKα1, as represented densitometrically by the ratio of phosphorylated to total AMPKα1 within total protein extracts from THP-1 cells.
Oligomycin treatment led to approximately two-fold AMPKα1 activation (5 min Given that phosphorylation of PGC-1α leads to its activation as a transcriptional coactivator [39], we next investigated the effects of the above treatments on the expression of PPARγ/PGC-1α target genes. These include LXRα (whose upregulation leads to consequent upregulation of the LXRα target gene ABCA1), and also the PPARγ and PGC-1α genes themselves (whose promoters contain PPARγ response elements) [32, 35, 44, 45] . In these genes, mRNA expression was increased by 1. In-vivo studies (i.e. samples obtained from exercising participants). The exercise intervention used was similar to that utilised in our previous studies [33] , with the were not significantly different between the two cohorts (data not shown), indicating that exercise was performed at a comparable intensity in all cases.
Analysis via H 2 DCFDA fluorescence-mediated flow cytometry of monocytes obtained from exercising participants indicated that transient, ~2-fold increases in
[ROS] cyto were seen in monocytes within 3h of cessation of exercise (see Fig 5A) . LXRα and ABCA1 (P<0.10 [1-way ANOVA])). Importantly, such increases were not seen in Group B; direct comparison of the two groups showed significant antioxidant- Discussion.
Importantly, this effect was evident in both Group
In the current study, we present data which support the view that exercise is an oxidative stressor (reviewed in [1,2,5]), and elucidate several downstream consequences of exercise-induced oxidative stress with regard to monocyte cell signalling.
As previously stated, there is a need to establish whether the exercise-associated cell As previous in-vitro studies have shown that exposure of cultured myotubes to prooxidants induces signalling responses involving upregulation of numerous genes,
including PGC-1α [7, 40] , we initially investigated the responses of cultured THP-1 monocytic cells to menadione (a cell-permeable H 2 O 2 donor) or oxLDL (a bloodborne marker of oxidative stress). We found that responses were prevented (or at least significantly blunted) if menadione was co-administered alongside vitamin C, or if cells were treated with non-oxidised LDL rather than oxLDL. Hence, in both cases, it seems plausible to conclude that oxidative stress is the 'trigger' for these responses, and therefore that these in-vitro experiments are acceptable models for the exerciseassociated oxidative stress seen in-vivo. Fig 4C, and exercise, this effect occurred to similar extents in both the exercise-alone or exerciseplus-antioxidants groups, and furthermore no differences in AMPKα1 activation status could be detected between the two groups (see Fig 5B) . Therefore, it is unlikely The current study has several limitations, including the small cohort size (with the accompanying variability in the data obtained), and the fact that participants were followed up for only 24h after a single bout of exercise (rather than more prolonged exercise programmes being investigated). With regard to follow-up, it should be noted that targets of PPARγ/PGC-1α have longer half-lives at the protein -and therefore the functional -level, than at the mRNA level. Thus, although mRNA expression had declined by 24h after each exercise bout, effects on monocyte function are likely to persist for longer than 24h after each exercise bout. Importantly, the PPARγ/PGC-1α signalling effects seen here were similar -but less pronounced -to those seen previously in 8-week exercise programmes (>3-fold increases [32] [33] [34] [35] ); thus, it is possible that the effects of each individual exercise bout may accumulate, so that after an extended programme of regular exercise larger, sustained effects are evident.
Another limitation is the lack of direct measurement of the impact of antioxidant supplementation on blood-borne oxLDL levels; however, it should be noted that several previous studies have shown that antioxidant supplementation prevents exercise-induced increases in oxidised lipids/lipoproteins [21, 49] , and so we feel justified in tentatively linking the observed blunting of exercise-induced upregulation of the above PPARγ/PGC-1α target genes to prevention of oxLDL generation in our exercise-plus-antioxidant cohort.
In conclusion, exercise-associated activation of monocytic PPARγ signalling, and blunting of this response in participants undertaking dietary antioxidant signalling alongside exercise, were seen in the current study. It should be noted that, while parameters relevant to cardiovascular risk such as blood lipids and insulin sensitivity were not directly measured in this study (which was designed to be primarily mechanistic in nature), our previous exercise studies have demonstrated that enhanced [52] . Therefore, if individuals with T2D were to respond in a similar manner to the participants in the current study -and T2D and non-T2D cohorts have been shown to respond in a similar manner to exercise [3, 53] -it is possible that the exerciseassociated effects seen here could help normalise PGC-1α/PPARγ signalling in T2D.
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